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force, that means the direction in which 
the pole of a magnet which points to 
the earth’s North Pole would be moved 
along it. 

Let the direction of the thumb repre- 
sent the direction in which the aforesaid 
line of magnetic force is moving trans- 


versely to its own direction. Then the 
direction in which the middle finger points 
will be the direction in which a negative 
electron, in a conductor across which this 
line of magnetic force moves, will be urged 
by the electric force created by the motion 
of the line of magnetic force. 


THE FLEMING VALVE: A PIONEER INVENTION 
By Professor J. A. Fleming, F.R.S., D.Sc. 


Here the well-known scientist and inventor describes his two-electrode thermicnic 

valve, which, as a detector and rectifier of wireless waves, proved itself to be one 

of the greatest steps forward in the science of wireless communication. 
See Detector ; Electron ; Valve; also the forerunner of the valve, Coherer. 


The Fleming valve is an appliance for 
rectifying high- or low-frequency alternat- 
ing currents, that is, converting them into 
unidirectional or direct currents. It is also 
a detector of electric oscillations and 
electric waves. 

It was invented by the writer of this 
article in 1904, and has had an enormous 
influence upon the development of wire- 
less telegraphy and telephony, not only as 
a new type of detector in itself, but as a 
very novel departure in a new regime of 
invention, leading to and inspiring the 
subsequent invention of the three-electrode 
thermionic valve amplifier and generator, 
without which modern wireless telephony 
as we know it would hardly exist. 

It consists of an incandescent electric 
lamp comprising a filament of carbon, 
tungsten, or other material, which can be 
rendered incandescent by an electric 
current. This filament is sealed in the 
usual way inside a bulb of glass, silica, or 
metal and glass, and the bulb is in general 
highly exhausted of its air. Around the 
filament is a cylinder of metal which does 
not touch it, which is attached to a wire 
sealed through the bulb, and the terminals 
of the filament and of the cylinder are 
brought to three binding screws or pins, 
in a support or socket, as in Fig. 1. Some 
early types are shown in Fig. 2. 

In large valves of this kind the cylinder 
is generally made of sheet nickel, and is 
carried on a support, which is clamped to 
a re-entering tube forming part of the bulb. 
Valves may be either hard, that is, very 
high vacuum in the bulb, or soft, that is, 
low vacuum, or gas-filled with a neutral 
gas such as argon or helium, at a reduced 
pressure. 

In the case of valves with envelopes or 
bulbs partly of glass and partly metal, 
viz., copper sealed to glass, the copper or 


metal part of the valve serves the purpose 
of the metal cy inder or anode. 

The mode of operation is as follows. It 
has long been known that conductors, 
such as carbon, tungsten, and other 
substances, when heated to a high tem- 
perature emit electrons, or atoms of 
negative electricity. 

These electrons are the free electrons 
which give electric conductivity to the 
material. It would be impossible, however, 
for these electrons to escape in any large 
number unless tł ree conditions are fulfilled. 
There must be some source of negative 
electricity which is connected to the incan- 
descent body, or else the escape of negative 
electrons from it would leave it with a 
charge of positive electricity which would 
prevent any further emission of electrons. 
Then, again, the electrons which first 


THE FLEMING *WO.-.ELECTRODE VALVE 
Fig. t. A is the metal cylinder or anode, B the 
highly exhausted glass bulb. The filament is 
shown hy the dotted loop C 
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EARLY SPECIMENS OF FLEMING VALVES 


Fie. 2. 
in the above photograph. 


Vieming’s two-electrode valve was developed in stages, and some of the early types appear 
These were the forerunners of the 


three-electrode valve that has 


revolutionized wireless telephony 
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escape form a space charge of negative 
electricity around the filament and by 
their repulsion for other electrons prevent 
further emission. 

Hence there must be a cylinder of 
metal around the filament which is kept 
positively electrified and so continually 
attracts away the electrons emitted by the 
filament. Also there must be a good or 
high vacuum, or else the crowding of air 
molecules around the filament will prevent 
the electrons escaping. If, however, we 
connect the positive pole of a battery to 
the plate and the negative pole to the 
filament, and also render the filament 
incandescent by either direct or alternating 
current, then electrons will continue to 
escape from the filament and be drawn 
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through the vacuous space in the bulb to 
the cylinder. This electron motion con- 
stitutes tie thermionic or plate current. 

For every definite 
temperature of the 
filament there is a 
certain maximum 
rate of escape of 
electrons per square 
centimetre of fila- 
ment surface, and 
it is clear that the 
electrons cannot be 
drawn to the plate 
faster than they 
escape from the filament. This maximum 
thermionic current is called the saturation 
current for that temperature. Hence for 
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Fig. 3. Po-ential differ- 

ence of cylinder and 

filament is shown in a 

characteristic curve of 
a Fleming valve 


EXAMPLES OF CIRCUITS EMPLOYING FLEMING VALVES 


Two circuits in which the Fleming two-electrode valv2 may be employed. 
was added the valve was used asin the two circuits above for some years as the means of detection 


Fig. 4. 


Before the grid 
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every temperature we can plot a charac. 
teristic curve for the valve, which is a 
curve whose abscissae are the potential 
differences of the cylinder and the negative 
end of the filament and the ordinates the 
corresponding thermionic currents, as in 
Fig. 3. Asa matter of fact, this charac- 
teristic curve does not start from zero 
potential difference of plate and filament, 
but the plate has to be made slightly 
negative by 0-5 to 1 volt, to make the 
thermionic current zero. ` 

We can then explain the rectifying 
action of the instrument, from which its 
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METHOD OF USING HARD FLEMING VALVES 


Fig. 5. Rectification of both components of an 

alternating current supplied by a transformer T, 

by means of two Fleming valves, is produced by 
a circuit arrangement as in this diagram 


name valve is derived, as tollows : Suppose 
the cylinder and filament to be connected 
outside the bulb by a current which 
contains some alternating electro-motive 
force of high- or low-frequency, and also 
some instrument, such as a telephone or 
galvanometer, which is sensitive only to 
direct electric currents. Then, when the 
electro-motive force is in such direction as 
to make the cylinder positive. an clectron 


current will be emitted from the filament : . 


but not when the plate is negative. 
Accordingly, the electric current through 
that circuit which includes the vacuous 
space of the valve will be an intermittent 
but unidirectional current consisting of 
gushes of electricity in one direction only. 

Hence the galvanometer or other direct 
current instrument will give an indication. 
Owing to the high speed at which the 
electrons move this rectification will take 
place, no matter how high the frequency 
of the electro-motive force; which is not 
the case with the mechanical or chemical 
rectifiers 


This appliance was therefore used by 
the writer and patented in all countries as 
a detector of wireless waves because it 
enabled the fee .le high-frequency oscilla- 
tions in the receiving circuit of a wireless 
telegraph plant -o be rectified and detected 
by a galvanomcter or telephone. Fig. 4 
shows two circuits which may be used with 
one Fleming valve. 

In this manner it was largely used 
from Ig04 to I)IO or IgI2 as a wireless 
detector, until the improvements made by 
the introduction of the grid caused the so- 
called three-electrode valve to displace it 
as a receiving detector. 

The chief use of the high-vacuum or 
hard Fleming valve at present is as a 
rectifier of high-voltage, low-frequency 
electro-motive force and current. When 
so used, two such valves are employed, as 
shown in Fig. 5. to rectify both phases of 
the low-frequency alternating current into 
direct high-voltage current, which is then 
employed for the plate voltage of three- 
electrode valves. 

In some cases gas-filled valves are 
employed, as in the so-called Tungar 
rectifier, to rect fy low-frequency alternat- 
ing voltage for battery charging. If the 
filament of a Fleming valve is heated with 
an alternating carrent, then the electron. 
stream is made intermittent owing to the 
magnetic field which surrounds the filament 
hindering the escape of the electrons. 

It is then easily seen that the ther- 
mionic current becomes pulsating, and by 
passing it through a static transformer we 
can draw off froin the secondary circuit an 
alternating current of double the frequency 
of the current used to heat the filament. 
See Tungar Rectifier. 

FLEWELLING CIRCUIT. The Fleweil- 
ing circuit is a super-regenerative circuit 
in which self-oscillation is checked by 
means of fixed condensers acting upon the 
grid of the detector valve and so damping 
it that self-osculation is automatically 
regulated. In principle the Flewelling 
circuit has much in common with the 
Armstrong super-regenerative circuit. In 
practice this difference exists :— ° 

In the Armstrong super-regenerative 
circuit self-oscillation is checked by the 
use of a special oscillator valve, tuned to 
such a frequency that it affects the work- 
ing of the amphfier valve by alternately 
assisting it towards self-oscillation and 
then, in the other halt-cycle, effectively 
damping its acticn. The Flewelling circuit, 


